This paper analyzes the performance of the central banks in inflation targeting (IT) countries by examining their success in achieving their explicit inflation targets. For this purpose, we decompose the inflation gap, the difference between actual inflation and the inflation target, into predictable and unpredictable components. We argue that the central banks are successful if the predictable component diminishes over time. The predictable component of the inflation gap is measured by the conditional mean of a parsimonious time-varying autoregressive model. Our results find considerable heterogeneity in the success of these IT countries in achieving their targets at the start of this policy regime. Our findings suggest that the central banks of the IT adopting countries started targeting inflation implicitly before becoming an explicit inflation targeter. The panel data analysis suggests that the relative success of these countries in reducing the gap is influenced by their institutional characteristics, particularly fiscal discipline and macroeconomic performance.
Introduction
Explicit inflation targeting (IT) is increasingly being adopted as one of the primary methods of conducting monetary policy. The Reserve Bank of New Zealand initiated inflation targeting in 1990. Since then, the number of countries that have adopted this policy has risen to 27.
1 Under the IT regime, a central bank estimates and announces a target inflation rate and then uses the monetary tools to steer actual inflation towards the target. One very impressive feature of the inflation targeting regime is that no country has left the inflation targeting family unlike other monetary policy strategies such as the exchange rate or monetary targeting (Mihov & Rose, 2008) .
The literature on inflation targeting is divided over its efficacy. One view argues that the IT strategy curbs inflation expectations due to the credibility, accountability, and transparency of central banks (Baxa, Horvath & Vasicek, 2014; Bernanke & Mishkin, 1997; Levin, Natalucci & Piger, 2004; Mishkin & Schmidt-Hebbel 2001; , while another suggests that the apparent success of the IT regime in most of the countries has been mainly due to favorable shocks affecting the global economy and these economies would have witnessed low and stable inflation even in the absence of an IT regime [Ball and Sheridan (2003) , Cecchetti and Hakkio (2009) , Genc et al. (2007) , Johnson (2002) , and Lin and Ye (2007) ].
Most of the existing studies on the IT regime study its efficacy by examining the behavior of inflation after the adoption of this regime. For example, Neuenkirch and Tillmann (2014) evaluate the central banks' response to the inflation gap for a sample of five inflation targeting countries. Surprisingly, there is no comprehensive work that takes into account the success of these IT countries in achieving their targets. We take into account the heterogeneity across different countries explicitly by modeling the dynamic behavior of the difference between actual outcome and the target variable separately for each country. This is important because the ability of a central bank to achieve its target may depend upon economic circumstances and there may be significant time variation in its ability to attain the explicit inflation target. In addition to expanding the sample period, our study also includes other IT countries to make the analysis comprehensive for all the explicit inflation targeters.
The success in achieving the target announced publicly by the central bank is crucial if the IT central bank wants to gain credibility. There are different reasons why the gap between actual inflation and the target exists. At the time of the adoption of the IT regime, the central banks want to anchor inflationary expectations over the medium to long-horizon. Therefore, the short-term gap between actual inflation and the target may not reflect the inability of the central banks to hit their target. However, the central bank will lose credibility if the gap is non-zero for a considerable period of time. The gap may also arise because of unpredictable shocks, but the impact of these unpredictable shocks should not persist for a long period. We use this feature of inflation targeting and propose to test the success of the IT central banks in meeting their target by decomposing the gap between actual inflation and the target into predictable and unpredictable components. We argue a successful IT regime should bring down the predictable component of the inflation gap to zero over the medium-horizon if they are successful in bridging the gap that was predictable. Our approach is motivated by Friedman's stabilization policy hypothesis (1953) in which he argued that a successful central banker should make inflation perfectly stable. One consequence of perfectly stable inflation is that it becomes unpredictable in a sense that a constant inflation forecast model cannot be improved upon. It should be noted that unpredictability is a consequence of superior monetary policy in this context. The linkage between the success of monetary policy and the decline in predictability of inflation has also been shown by Boivin and Giannoni (2006) and Kishor and Kochin (2007) . The empirical evidence presented in D' Agostino and Surico (2012) for the twentieth century also supports the above hypothesis where they find that the inflation forecasts based on money growth and output growth were significantly more accurate than the naïve forecasts only during the regimes associated with neither a clear nominal anchor nor a credible commitment to fight inflation.
We examine the success of the IT countries in meeting their target by estimating the predictable component of the inflation gap from a parsimonious time-varying autoregressive (TVP-AR) model. The conditional expectation of this TVP-AR model is the predictable component of the inflation gap. The model takes into account the fact that the capability of the central bank to achieve its target varies over time and is affected by institutional characteristics such as fiscal situation, central bank independence, and financial market depth. Our approach is able to capture the gradual transition of actual inflation to its target over time. 2 We find considerable heterogeneity in the success of the IT countries in bridging the gap between actual inflation and the target in the years immediately after the adoption of the IT regime. We find that the predictable component of the inflation gap was close to zero for the countries with relatively low level and volatility of inflation even at the beginning of this regime. However, the predictable component converged to zero implying a higher degree of success in achieving the target for almost all the targeters after few years of the IT adoption. Interestingly, we also find that the predictable component of the inflation gap started declining a few years before these countries publicly joined the IT regime. This implies that the central banks of IT countries started targeting inflation implicitly before becoming an explicit inflation targeter.
Our findings that in addition to cross-country heterogeneity, there is also significant time-variation in the success of the IT countries in achieving their targets can reconcile the two conflicting views on the effectiveness of IT. The finding that the IT countries have been successful in achieving their target is consistent with the literature that suggests that the IT regime leads to a gradual build up in the credibility of the central banks (Carare & Stone, 2006; Creel & Hubert, 2010; de Mendonca & de Guimaraes, 2012; Neumann & von Hagen, 2002) . The finding that there is considerable cross-country heterogeneity in the performance of the central banks immediately after the adoption is consistent with the literature which suggests the countries that started with high inflation benefited more from this regime (Batini & Laxton, 2007; Levin, Natalucci & Piger, 2004; Mishkin & Schmidt-Hebbel, 2007) . We also perform a panel study to examine whether the institutional characteristics of a country are related to its success in achieving its target. Our results suggest that a high debt-GDP ratio constrains the ability of the central bank to bridge the gap between inflation and the target. We also find that financial development indicators and macroeconomic performance affect the inflation gap in these IT countries.
Section 2 describes data on the inflation targets for all the inflation targeters. This section also introduces a time-varying parameter model for the inflation gap, decomposes the inflation gap, and estimates the predictable component for the IT countries. Section 3 analyzes the effect of institutional characteristics on the dynamics of the inflation gap in a panel data framework. Section 4 gives some concluding remarks.
The behavior of the inflation gap

Data description
One of the contributions of our paper is to create a comprehensive database of explicit inflation targets for all the IT countries. Table 1 shows the list of countries that have adopted the IT regime. It includes information on the date of adoption, the initial target and the target at the end of 2013. We consider the midpoint as a target level for countries with a target range. Table 1 also shows the type of target path for each IT country. The literature has classified the behavior of inflation targets into two categories: 'convergence' and 'stationary' target paths. The convergence target path refers to a gradual decline in the inflation target over time. The stationary target implies a constant low target throughout the sample. In our sample of 27 countries, most of the countries have adopted stationary target and have not changed the target after adoption. In 10 countries, the paths have declined over time implying convergence target path. Most of these convergence path countries are emerging market economies. In addition, we classify each country into industrial and emerging market economies based on their level of economic development according to the world development report of the World Bank. Among 15 countries that have adopted IT after the year 2000, 14 of them are emerging market economies. The data on consumer prices have been obtained from the IMF's International Financial Statistics and FRED from 1980 through 2013 on a quarterly basis. The CPI data are disseminated only on the aggregate level for all items for selected countries. To maintain consistency, we use the same measure of price index for all the countries. It is conceivable that the central banks may ignore the high frequency noise in food and energy prices, and therefore core CPI may be a better proxy. In our exercise, this should not be an issue since we are examining the behavior of inflation gap on an annualized basis and over a medium term headline CPI and core CPI possess similar dynamic property. The data on inflation targets have been obtained from the central banks' websites, and other studies (Batini & Laxton, 2007; Hammond, 2012; Leyva, 2008; Mishkin & Schmidt-Hebbel, 2001 ).
3 Figure 2 presents the annual inflation rates and targets for our sample. The vertical lines indicate the dates of IT adoption. A visual inspection suggests that there is a significant and protracted gap between actual inflation and the inflation target at the beginning of the IT regime, this gap seems have narrowed down over time. Table 2 shows the descriptive statistics of the inflation rates for the IT countries. Inflation targeters such as Colombia, Ghana, Poland, Romania, Serbia, and Turkey have the highest pre-IT inflation levels; the average pre-IT inflation in these countries is above 20 percent. However, the mean of post-IT inflation is significantly low. A substantial gap exists between the means before and after the policy. This gap for Colombia, Ghana, Poland, Romania, Serbia, and Turkey is 15. 09, 11.96, 20.36, 17.08, 18 .47, and 37.04 percent, respectively. 'Pre-IT' refers to the period before the inflation targeting is adopted by each county. 'Whole' refers to the entire sample.
Conventionally, inflation variability is measured by the standard deviation of inflation. Table 2 also presents the standard deviation for pre-and post-IT. A significant reduction in the standard deviation is noted after the adoption of IT. This reduction can be seen in targeters such as Armenia, Brazil, Ghana, Guatemala, Peru, Romania, Serbia, and Turkey. Overall, Figure 2 and Table 2 show the existence of a lower mean and standard deviation in the post-IT period.
A time-varying parameter model for the inflation gap
We propose to test the success of the IT countries in achieving their inflation targets. There are different ways to assess this success. The simplest method is to look at the inflation gap between actual inflation and the target over time. We observed two main features of the data in Figure 2 . First, the difference between the target and actual inflation is time-varying. Secondly, this gap is not just a white noise. This implies that there is a predictable component in the inflation gap and this predictability varies over time. The predictability of the inflation gap can arise due to several reasons. First, interest rate smoothing behavior by the central bank can lead to a gradual adjustment towards the target. Second, there is a lag in monetary policy transmission and this lag tends to be higher for prices than real economic activity. Third, the central bank may have a medium-run horizon and they want to achieve the target not in the very short term.
We study the success of the IT regime by decomposing the inflation gap into the predictable and unpredictable components. The predictable component disappears over time if the IT regime is successful in achieving its target. Admittedly, if a central bank announces its target, it is not expected to hit the target within a quarter, but we anticipate the inflation gap, that is forecastable, to disappear over medium to long-horizon. Actual inflation may always turn out to be different than the target because of unanticipated shocks, but a successful and credible central bank should not let this deviation persist.
The hypothesized relationship between the predictable component of the inflation gap and effectiveness of the IT regime is motivated by the monetary policy effectiveness literature where researchers like Boivin and Giannoni (2006) and Kishor and Kochin (2007) among others have shown that the aggressive policy stance towards inflation causes a decline in inflation predictability. This idea was originally proposed by Friedman (1953) when he discussed the role of stabilization policy and predictability of inflation. The empirical evidence presented in D'Agostino and Surico (2012) also support the above hypothesis. They find that the inflation forecasts based on money growth and output growth were significantly more accurate than the naïve forecasts only during the regimes associated with neither a clear nominal anchor nor a credible commitment to fight inflation. Therefore, in case of a perfectly successful IT regime, the only difference between actual inflation and the target will be the unforecastable news in the data.
We measure this predictable component in a very parsimonious way. We fit an ARMA(p,q) model to the inflation gap for all the IT countries. We find that AR(1) best approximates the inflation gap data for all the IT countries using the Bayesian information criterion.There are alternative ways to estimate AR(1) model in our example. We can fit the fixed coefficient model gap = + gap −1 + , where gap is the inflation gap.
In this model, the systematic part or the predictable component is the conditional mean, + gap −1 , and the unsystematic component is the error term, v t . If monetary policy is perfectly successful in achieving its target, then α = β = 0. The intercept represents the bias and the slope coefficient measures the persistence of shock to the inflation gap. The problem with a fixed coefficient model is that it would not be able to capture the time variation in success of the IT central banks as it restricts the coefficients. The fixed coefficient model will restrict the intercept and slope coefficients to be constant across time. This implies that the behavior of the central bank for the full sample has remained fixed and the persistence property of the shocks affecting the inflation gap has also remained the same. To take care of the problems associated with a fixed coefficient model, we modify the above model and allow the coefficients to vary with time. In particular, we allow the coefficients to follow a random walk. Our time-varying parameter (TVP) model becomes
The subscript t signifies time-varying coefficients. There are alternative approaches of modeling time variation that includes structural break as well as Markov switching in the reaction function coefficients. The usual test of time variation has a low power against the alternative, that is, it is difficult to distinguish between different forms of time variation. As in Boivin and Giannoni (2006) , we note that structural break models are very special cases of time variation and does not allow for the gradual evolution of monetary policy. Moreover, time-varying parameter model may also be used as a good approximation of multiple breaks in the reaction function coefficients. 4 The state-space representation of the above model is given by gap = + , ∼ (0, ),
where = ( , ) ′ and the system matrices are
Furthermore, inflation movements often possess the feature of volatility clustering, therefore to model volatility we follow Sims (1999) and Sims and Zha (2002) and allow for heteroscedasticity in the disturbance term, v t . In particular, we also take into account the spurious inference problem in GARCH model when the ARCH coefficient is insignificant and zero information limit condition applies, as pointed out by Ma, Nelson, and Startz (2007) .
5
One of the attractive features of this time-varying parameter model is that it easily takes into account very high persistent property of the gap, as the random walk nature of the coefficient evolution implies that the intercept is also allowed to have a random walk property. Therefore, as compared to a simple fixed coefficient framework, our TVP approach is more flexible to capture the slow evolution of the inflation gap. We assume the initial state, θ 0 , is normally distributed with the mean m 0 and variance G 0 and the sequences v t and w t are independent of θ 0 . We use Kalman filtering algorithms to obtain the means and variances of the conditional distributions of the unobservable states given the data. Petris, Petrone, and Campagnoli (2009) argue that a naïve use of the Kalman filter causes numerical instability issues. One way to overcome this problem is to define more robust algorithms. We utilize a singular value decomposition-based algorithm proposed by Wang, Libert, and Manneback (1992) . Given observed data, { gap 1 , … , gap }, we find the optimal 'signal extraction' and the optimal 'h-step ahead prediction' of states and data.
6 Figure 3 plots the time-varying and fixed conditional expectations of the inflation deviation from its target.
7
The time-varying conditional expectations, the predictable components, are plotted by the black lines. Note that to take into account conditional heteroscedasticity we first test for ARCH effect in the residuals for each country and reject the null of no ARCH effect for 13 countries: Brazil, Chile, Ghana, Guatemala, Iceland, Israel, Mexico, New Zealand, Peru, Philippines, Poland, South Korea, Thailand and Turkey. Therefore, we estimate a TVP model with ARCH(p) model for these countries. For the remaining 12 countries in our sample, we estimate the TVP with homoscedastic errors. We annualized the quarterly time-varying conditional means to reduce the noise in the time series. The residuals, the unpredictable components, are shown by the red lines. The vertical lines represent the dates of the IT adoption. For comparison, we also estimate the conditional mean a few years prior to the adoption. Since the inflation targets prior to adoption are not available, we use the initial inflation target for each country. In many cases, these targets were known in advance since the central banks announce them prior to the official adoption of the IT regime. We observe some clear and interesting patterns in our estimated results. First, we find that there is considerable heterogeneity in the success of the IT countries in bridging the gap between actual inflation and the target in the years immediately after the adoption of the IT regime. We find that the conditional mean of the inflation gap was close to zero for countries with relatively low level and volatility of inflation even at the beginning of this regime. For example, we can clearly observe that the conditional mean in Australia, Canada, Chile, New Zealand, and Sweden hovered around zero for most of the time period after the adoption of the IT regime. On the other hand, there are countries such as Colombia, Guatemala, and South Africa among others where the conditional mean was not close to zero during the initial years of this regime. We also find that the predictable component converged to zero implying higher degree of success in achieving the target for almost all the IT countries after a few years of the IT adoption.
Interestingly, our findings show that the predictable component of the inflation gap starts declining few years before these countries publicly joined the IT regime. It implies that the central banks of IT countries started targeting inflation implicitly before becoming an explicit inflation targeter. Usually, the countries make an announcement about their intention to move to full-fledged inflation targeting at a future date. There is usually a time lag involved between the announcement and the formal move to the new regime. Our results that the predictable component starts declining before the formal date of adoption may reflect this time lag. Secondly, we find for most of the countries, the residuals or the unpredictable component in the TVP-AR model is significant. This implies the naïve way of just looking at the inflation gap and not making the distinction between the predictable and unpredictable components would not provide us the proper understanding into the effectiveness of the IT regime in meeting its target.
Our findings that in addition to cross-country heterogeneity, there is also significant time-variation in the success of IT countries in achieving their targets can reconcile the two conflicting views on the effectiveness of IT. 8 The finding that IT countries have been successful in achieving their target is consistent with the literature suggesting that the IT regime leads to a gradual build up in the credibility of the central banks (Carare & Stone, 2006; Creel & Hubert, 2010; de Mendonca & de Guimaraes, 2012; Neumann & von Hagen, 2002) . The finding that there is considerable cross-country heterogeneity in the performance of the central banks immediately after the adoption is consistent with the literature which suggests the countries that started with high inflation tended to have benefited more from the IT regime in terms of lower level and volatility of inflation over a medium to long-horizon. Our estimates also suggest that the conditional mean of the inflation gap for these emerging economies has gradually declined over time and was not very close to zero at the beginning of the IT regime. Our approach estimates the conditional mean using information from only the past values of the inflation gap. It is conceivable that the expansion of information set in the calculation of conditional mean may provide us a different estimate. However, it should be noted that our estimated conditional mean consistently show a clear pattern for all the countries and even if information set is expanded, we should be able to find similar pattern in the data. Moreover, a complex model is more prone to misspecification especially since we are estimating the conditional mean of all the targeters.
To look deeper into the behavior of the predictable component, we examine the evolution of the slope coefficients. Figure 4 shows the time-variation in these coefficients. The filtered TVP coefficients are plotted along with the confidence bands. The findings from time-varying slope coefficients suggest that in most of the cases the estimated intercepts are driving the results in countries where the predictable component of inflation was significant at the beginning of the IT regime. This was not the case for the countries with low level and volatility of inflation. These are also the countries with very low conditional means. It should be noted that the persistence parameter beta for the inflation gap is different than the inflation persistence parameter that has attracted widespread attention from researchers. One of the implications of that strand of research is that higher credibility of a central bank is associated with lower persistence implying that a shock to inflation disappears quickly as inflationary expectations are anchored. (See Cogley, Primiceri, and Sargent (2010) among others.) The estimated persistence parameter in the inflation gap refers to how quickly the shock to gap disappears. 
Institutional characteristics and inflation targeting effectiveness
It has been argued in the literature that the success of IT depends on the institutional strength of the country that adopts this regime. Mishkin and Schmidt-Hebbel (2001) suggest that the success of full-fledged inflation targeting is based on five pillars: the absence of other nominal anchors, an institutional commitment to price stability, the lack of fiscal dominance, policy instrument independence, and accountability. In this section, we examine this hypothesis by investigating whether the success of IT countries in achieving their targets is related to the strength of their institutions. To do so, we examine the role of fiscal situation, central bank independence, financial market development, and macroeconomic outcomes. This exercise is undertaken to understand whether the success of the inflation targeting is related to the institutional characteristics of these countries. We do not seek to examine the 'causal' link between effectiveness and the institutions.
Fiscal stance is measured by the debt-GDP ratio. We measure the financial market development using domestic private credit to the real sector by deposit money banks. We obtain the data on these variables from the International Financial Statistics published by the International Monetary Fund.
9 Financial depth and financial sophistication are measured by the stock market capitalization-GDP and Central Bank Assets-GDP ratios, respectively. The data are obtained from the World Bank. The central bank independence measure is calculated by the turnover rate of the central bank governor's tenure Cukierman, Webb, and Neyapti (1994) . The rapid turnover signifies less autonomy and instability in the policy regime. This index is the inverse measure of central bank independence. The details of the construction of this index is provided in Appendix A. We also use GDP per capita as the measure of macroeconomic outcomes in our analysis. Since we are interested in the relationship between the inflation gap and institutional characteristics, we only consider the post-IT sample period for each country.
We use annual data in this section, because The data for this section is obtained from the World bank database, World Development Indicators.
To examine the impact of institutions on the deviation of actual inflation from the target, we consider a dynamic fixed-effects specification:
where = gap = − * . X it includes strictly exogenous regressors, W it are predetermined regressors including lags of Y. η i is the country-specific characteristics and λ t is the time-specific effect. Our panel estimation includes both the individual and time-specific effects. The time fixed effect should partially take care of the the downward trend in inflation for some time periods in some of the countries. Moreover, we performed the ImPesaran-Shin panel unit root test and rejected the null of unit root at conventional significance level. We also use panel corrected standard errors (PCSE) introduced by Beck and Katz (1995) . To control for the lag dependence, we include the lag of dependent variable as explanatory variables. In our analysis, we regress the inflation gap on a set of regressors including its own lag, GDP growth, money growth, central bank independence index, and central bank assets-GDP, stock market capitalization-GDP, and private credit-GDP ratios. 10 In addition of the inflation gap, we also consider the cumulative inflation gap as a dependent variable because central banks may not try to achieve their target every period because of the noise in the aggregate inflation data, but instead they may want to focus on cumulative deviation as consistent deviation from the target that may affect its credibility. Table 4 summarizes the estimation results for the panel analysis. The results suggest significant dependence of the inflation and cumulative inflation gaps on their past. This is consistent with our findings in Section 3. Higher debt-GDP ratio is a measure of increased debt burden and has bearing on the conduct of the monetary policy. We find that higher debt burden is associated with the higher degree of the inflation gap and this relationship is statistically significant at all levels of significance. This relationship remains robust to the use of cumulative deviation as a dependent variable. This finding is consistent with the fiscal dominance theory which suggests that fiscal indiscipline constrains monetary policy and may affect the central bank's ability to function prudently. We observe that the central bank independence index measured by the central bank governor's turnover ratio has a positive impact on the inflation and cumulative inflation gaps. It implies that greater central bank autonomy lowers the inflation gap and cumulative inflation gap. The independence of central banks is one of the preconditions for adopting inflation targeting. There is a consensus in the central banking literature that greater central bank independence is associated with lower and more stable inflation (Batini & Laxton, 2007; Mishkin & Schmidt-Hebbel, 2001 ). Beck and Katz (1995) .
The variable real money growth is used as an indicator of inflationary pressure in the economy. We find that an increase in real money growth is associated with lower inflation gap. This is a counterintuitive result. One proposed explanation of this counterintuitive sign is that in many emerging economies real money growth reflects the level of financial development. This is especially true in countries where dollarization is a strong feature of the economy. In this scenario, finding a negative coefficient on real money growth is not surprising. We also find that higher GDP growth is associated with higher inflation gap. Higher inflation due to higher GDP growth will lead to an increase of the inflation gap in countries with stationary target rates.
We also examine the relationship between financial market depth indicators and inflation gap. For this purpose, we look at two measures of financial soundness: central bank assets-GDP and private credit-GDP ratios. We don't find statistically significant relationship between central bank assets-GDP ratio and the inflation gap. However, we find that the private credit-GDP ratio positively affects inflation and cumulative inflation gaps. This impact is statistically significant. If private credit is just an indicator of financial market depth, then we would have expected the inflation gap to go down in response to higher private credit-GDP ratio. However, it has been argued that in many emerging market economies a rapid increase in private credit may indicate overheating the economy and in that case it's not surprising that we find positive relationship with inflation and cumulative inflation gaps.
Overall, our results from the panel analysis are largely consistent with the literature where researchers have argued that for the success of inflation targeting regime, stable and strong institutional set up is required. We find that the success of IT countries in terms of achieving their targets is strongly associated with the extent of fiscal discipline and macroeconomic performance.
Concluding remarks
This paper examines the effectiveness of inflation targeting in terms of central banks' success in achieving their explicit inflation targets. Keeping in mind that there are unanticipated shocks that can affect actual inflation, we propose to test the effectiveness of the central bank by decomposing the inflation gap, the difference between actual inflation and its target, into predictable and unpredictable components. We argue that the predictable component of the inflation gap, which we measure by the conditional mean of a time-varying parameter autoregressive model should converge to zero if the IT regime is successful in achieving the target. Our results find considerable heterogeneity in the success of these IT countries in achieving their targets at the start of this policy regime. We find that countries such as Canada and New Zealand have been consistently successful, whereas there was a gradual decline in the predictable component of the inflation gap in some emerging market economies such as Colombia, Guatemala, and Turkey. Interestingly, we also find that the predictable component of the inflation gap started declining few years before these countries publicly joined the IT regime. This implies that the central banks of the IT adopting countries started targeting inflation implicitly before becoming an explicit inflation targeter. Our panel data analysis suggests that the relative success of these countries in achieving their targets is associated with institutional characteristics particularly by fiscal discipline and macroeconomic performance. We do not address the causal link in the effectiveness of the inflation targeting strategy itself. A huge portion of the literature addresses the self-selection problem that may arise because a central bank's decision to explicitly target inflation is related to the benefits from the adoption of IT. Addressing this issue is beyond the scope of this paper.
Appendix A
This appendix shows how we constructed the central bank independence measure. Cukierman, Webb, and Neyapti (1994) develop four measures of central bank independence and find their correlation with the inflation outcomes. The legal index, the rate of turnover of central bank governors, an index based on a questionnaire answered by specialists and an aggregation of the legal index with the turnover rate. They conclude that the legal independence is negatively related to inflation in industrial countries, but not in developing countries. We consider the turnover of central bank governors as an index for central bank independence. The turnover rate is more accurate than the legal index or questionnaire based criterion in the emerging market economies, because the latter two indices are build upon central bank laws and they do not reflect the independence of the central bank.
We construct the index based on the findings of Cukierman, Webb, and Neyapti (1994) by assuming that above a threshold, a rapid turnover of central bank governors determines a higher dependence. If the political authorities frequently choose a new governor, they have the opportunity to pick those who favor the nominators' will. Frequent turnover reflects firing those who challenge the government. This is true especially in developing countries. Therefore, the measure for this index is in accordance with the electoral cycle for the central banks. If the turnover of central bank governor is 4 years the index will be 0.25, and so on.
Using the turnover index, we find the central bank independence for all the inflation targeters. Table A presents the average annual turnover rates in our sample countries for two time periods, 1980-1999 and 2000-2013 . The average annual turnover rates are calculated from the ratio of governor changes to the number of years in that period. The average turnover rate during 1980-1999 ranges from a minimum of 0.0 to a maximum of 0.2. An average turnover of 0.0 indicates no change in the last 20 years. Canada, Colombia, the Czech Republic, Hungary, and the United Kingdom are a few examples of totally independent structures. Countries such as Chile, Poland, and Turkey have the highest rates of dependency. The central banks' independence has increased from the period 1980-1999 to 2000-2013. In the first period, there are five countries with totally independent central banks; whereas, after 2000 it has risen to 13 countries. The average annual turnover rate reduced significantly in 15 countries, i.e. the degree of central bank independence has been increasing over time. 
Notes
1 Countries operating a fully fledged inflation targeting regime are: Armenia, Australia, Brazil, Canada, Chile, Colombia, the Czech Republic, Ghana, Guatemala, Hungary, Iceland, Indonesia, Israel, Mexico, New Zealand, Norway, Peru, Philippines, Poland, Romania, Serbia, South Africa, South Korea, Sweden, Thailand, Turkey and the United Kingdom Hammond (2012).
2 One could argue that use of a multivariate model will yield a superior estimate of the predictable component. However, the purpose of our study is not to find the most superior forecast of the inflation gap. The use of a simple AR model gives us a benchmark that can be improved upon by the inclusion of more variables in the information set. Therefore, the presence of a predictable component in the inflation gap should also imply the presence of a predictable component if the information set of the model is expanded. 3 More details on inflation target data are available upon request. 4 Stock and Watson (2002) and Boivin and Giannoni (2006) discuss merits of the TVP model over other forms of structural break. 5 For details on the estimation of the TVP model with ARCH, the readers are referred to chapter 6 of Kim and Nelson (1999) . 6 For details, see Zivot and Yollin (2012) . 7 We also estimate the model for AR(2) specification and the results are presented in Appendix B. As can be seen the results are not sensitive to this alternative specification. 8 To test the significance of time variation, we perform a likelihood ratio test. Table 3 shows the LR statistic for null of constant coefficients for all 27 countries under our study. Under the null, we restrict the variances of the time-varying coefficients to be equal to zero. The critical value for the LR test under standard distribution assumption at 5% significance level is 9.2. However, we know that the presence of nuisance parameter under the null leads to over rejection of null hypothesis (Andrews & Ploberger, 1994; Hanson, 1992) , and this leads to critical values which are too low under the standard distribution assumption. Since LR statistic for all countries is significantly higher than the standard critical value, there is strong evidence against the null of no time-variation. 9 Different measures can also be used to measure fiscal stance. However, debt-GDP ratio is the most commonly used measure and is consistently available for all the countries in our sample. 10 Exchange rate policies in emerging market can also play a role in the effectiveness of inflation targeting. In this paper, we focus on the domestic macroeconomic conditions and its relationship with inflation gap.
